Cell migration plays a fundamental role in cancer cell invasion and metastasis as well as in many physiological responses. Here, we screened four different sources of garlic -water extract of normal and black garlic, as well as dried normal and black garlic -for the identification of anti-invasive and anti-metastatic activity on cancer cells. Inhibition of cancer cell migration was observed in the hexane extract of dried-garlic. Inhibitory activity was further purified to near homogeneity by thin layer chromatography and named inhibitor of cancer metastasis from garlic #27 (ICMG-27). ICMG-27 completely blocked insulin-like growth factor-1 (IGF-1)-induced OVCAR-3 cell migration at 6 μg/ml. ICMG-27 completely blocked IGF-1-induced OVCAR-3 and NIH-3T3 cell migration whereas IGF-1-induced mouse embryonic fibroblast (MEF) cell migration was not affected byICMG-27. ICMG-27 inhibited all the tested IGF-1-induced cancer cell migration such as OVCAR-3, SKOV-3, and MDA-MB-231 cells. Finally, ICMG-27 could inhibit IGF-1-, lysophosphatidic acid (LPA)-, sphingosine-1-phosphate (S1P)-, leukotriene B4 (LTB4)-, and angiotensin II (AngII)-induced OVCAR-3 cell migration. These results indicate that ICMG-27 inhibits cancer cell migration by blocking essential steps in many agonists-induced cancer cell migrations. Unveiling an anti-invasive mechanism of ICMG-27 on cancer cells will provide a basis for cancer therapy.
Introduction
Cancer is a disease of complex etiology, defined as uncontrolled growth of cells. The transformation of normal to cancerous cell involves three distinct phases, for example, initiation, promotion, and progression [7] . During the initiation and promotion steps, cancer cells attain several cancerous features caused by genetic changes. At the end of tumorigenesis, cancer cells acquire its ability to spread to distant organs so called metastasis. The high mortality rates associated with cancer are caused by the metastasis. Indeed, metastases are the cause of 90% of cancer deaths [8] .
Therefore, cancer therapies should be focused on not only tumor development but also metastasis.
It has been reported that certain dietary agents such as tomato-derived lycopene, vitamin E, and selenium may have a preventive effect for prostate cancer [18] . In particular, garlic is one of the first plant with constituents reported to possess antitumor activity and was used for treatment of tumors by Egyptians over 3500 years ago. In epidemiologic point of view, high garlic consumption is associated with protective effect on cancer. For example, high consumption of garlic (>10 g/d) was related with low prostate cancer prevalence in China [11] . It also has been reported that persons with high intake of total garlic (>24 kg/yr) had 60% reduced risk of cancer compared with low consumption (<11.5 kg/yr) on 564 patients with stomach cancer and 1131 normal controls [26] . These results suggest that garlic plays a positive role in the prevention of certain human cancers.
It is still unclear which compounds in garlic has positive role in the prevention of cancers. However, recent study has demonstrated that two major compound shows active anticancer effects. One group is lipid-soluble allyl sulfur compounds such as diallyl disulfide (DADS) and diallyl trisulfide (DATS), and the other one is the water-soluble compounds including g-glutamyl S-allylcysteine group such as S-allylcysteine (SAC) and S-allylmercaptocysteine (SAMC) [21] . These compounds are not only able to suppress the skin, stomach, colon, liver, esophageal, and lung cancer growth in animal models, but also directly inhibit proliferation of various cancer cell lines derived such as from colon, lung, leukemia, skin, breast, and prostate in vitro [9] . Molecular mechanism underling antitumor activity of these compounds is still unknown. Recently, it has been reported that DATS has antitumor activity by induction of apoptosis through extracellular signal-regulated kinase 1/2 (ERK1/2) and c-Jun N-terminal kinase (JNK) induced down regulation of Bcl-2 [25] . Also, it has been reported that SAMC blocks colon cancer cell proliferation through activation of JNK1 and caspase-3 signaling pathways to cause apoptosis [24] . These lines of evidence indicate that may be used as effective agents in the treatment of human primary cancers.
As we mentioned above, metastasis covers 90% of causality of cancer patients' death indicating that anti-metastatic agents are required for efficient cancer therapy. Recent studies have provided evidence that sarcoma cell migration was inhibited by aged garlic extract (AGE) although exact molecular nature of corresponding agents in AGE was not known [12] . However, it has been reported that SAMC potently reduced the ability of prostate cancer cell in matrigel invasion through the enhancement of E-cadherin expression [3] . Down regulation of E-cadherin is characteristic of the epithelial-mesenchymal transition, which is early key step in metastasis [16] . However, it is still ambiguous by which agents suppress metastasis of cancer cells from garlic extracts.
Despite the abundant in vitro evidence for anti-cancer effect of garlic extracts, anti-metastatic effect of garlic extract or its compounds is not well studied. In this study, we provide novel anti-metastatic activity from hexane fractions of dried garlic. Nearly pure compound of this agent inhibited variety of cancer cell migration. In addition, this compound blocked various stimuli-induced migration of OVCAR-3 breast cancer cell migration. (n=3 for each experiment). When comparing two groups, an unpaired Student's t-test was used to assess differences. P-values less than 0.05 were considered significant and indicated as * and P-values higher than 0.05 were considered insignificant and indicated as **.
Results and Discussion
Garlic, a widely used herbal vegetable, has been suggested as an anti-cancer agent for several decades in epidemiological studies [21] . However, the exact molecular mechanism underlying garlic extracts exert its effect on anti-cancer properties are still unknown. In the present study, By contrast, there was strong inhibitory activity of cancer cell migration in hexane-soluble form of water extract and this activity was significantly increased by black garlic (Fig.   1B ). These results indicate that some inhibitory compound is generated during the conversion of garlic to black garlic.
In contrast to the water extract of both normal and black garlic, some extracts of dried garlic showed strong stimulatory activity of cancer cell migration. As shown in Fig.   1A , ethanol extract of dried normal garlic showed strong stimulatory activity of cancer cell migration, whereas ethanol extract of dried black garlic did not show stimulatory activity of cancer cell migration. This result indicates that some stimulatory compound in normal garlic is changed to inactive form during the conversion of normal garlic to black garlic. Likewise, hexane extract of normal garlic or ethanol extract of black garlic significantly inhibited IGF-1-induced cancer cell migration. Since our primary purpose was to identify novel compound that inhibit cancer cell metastasis, we decided to select hexane extract of dried normal garlic (HEDG) which inhibits IGF-1-induced cancer cell migration and does not strongly stimulate cancer cell migration (Fig.   1 ). However, further separation of HEDG fraction by thin layer chromatography also showed both stimulatory and inhibitory activities of cancer cell migration (Fig. 2) . Among the thin layer chromatographic fractions, #27 fraction (inhibitor of cancer metastasis from garlic #27, named ing two groups, an unpaired Student's t-test was used to assess differences. P-values less than 0.05 were considered significant and P-values higher than 0.05 were considered insignificant.
ICMG-27) was revealed to single compound as judged by the analysis of NMR spectra (Fig. 2C) , and strongly inhibited IGF-1-induced cancer cell migration (Fig. 2B) . However, ICMG-27 did not stimulate cancer cell migration ( Fig. 2A) .
Therefore, ICMG-27 seems to be a single compound that inhibits IGF-1-induced OVCAR-3 cell migration. However, the molecular identity of ICMG-27 is still ambiguous. It has been reported that active ingredients in garlic that suppress cancer cell proliferation are SAC and SAMC [2, 3, 10, 24] . Indeed, the calculated IC50 of SAMC and SAC were 13.1 mg/ml and 0.33 μg/ml, respectively [3] . However, IC50 of ICMG-7 is significantly different from that of SAMC and SAC. For example, the IC50 of ICMG-27 on IGF-1-induced cancer cell migration was 32.7 ng/ml (Fig. 3A) . In addition, ICMG-27 was isolated from hexane extract of dried normal garlic indicating that ICMG-27 is lipid-soluble compound. However, SAMC and SAC are water-soluble compounds. Migration of cells is often inhibited by the suppression of cell proliferation. However, the effect of ICMG-27 is not the case since addition of ICMG-27 (10 μ g/ml) to the growing cells did not affect the proliferation of OVCAR-3 cells (Fig. 3B) . Therefore, it seems likely that ICMG-27 is novel compound that uniquely inhibits cancer cell migration.
Although it is still unknown about molecular target of ICMG-27, the target of ICMG-27 seems to be cell-type specific. For example, ICMG-27 significantly inhibited IGF-1-induced OVCAR-3 cell migration (Fig. 3C) whereas ICMG-27 could not inhibit IGF-1-induced MEF cell migration (Fig. 3D ). In addition, IGF-1-induced migration of NIH-3T3 cell was completely blocked by ICMG-27 (Fig. 3E ).
Given these results, it is possible that the molecular target of ICMG-27 is differentially expressed in different cell types.
Phosphatidylinositol 3-kinase (PI3K) and Akt signaling pathway plays an essential role in a variety of growth factor-induced cell migration [5, 13, 17, 19, 20] . Especially, activation of Akt is required for many different types of cell migration [4, 14, 15] . However, pretreatment of ICMG-27 did not attenuate IGF-1-induced activation of Akt (Fig. 3E) Circulating level of IGF-1 has been shown to be associated with various cancer development and metastasis [6, 22, 23] . , and MDA-MB-231 cells were stimulated with IGF-1 (50 ng/ml) in the presence or absence of ICMG-27 (10 μg/ml) and measured migration (B) OVCAR-3 cells were stimulated with IGF-1 (50 ng/ml), LPA (10 μM), S1P (100 nM), LTB4 (100 nM), and AngII (10 μM) in the presence or absence of ICMG-27 (10 μg/ml) followed by measuring migration as described in "Materials and Methods" Data are the mean±S.D. of three independent experiments (n=3 for each experiment). P-values less than 0.05 were considered significant and indicated as *.
ICMG-27 (Fig. 4B) . However, it is notable that IGF-1-induced OVCAR-3 cell migration was much higher than by those G protein coupled receptor (GPCR) agonists. These results indicate that ICMG-27 modulates critical cellular target protein(s) that are involved in the growth factor-or GPCR-induced cancer cell migration. This target protein(s) might be not downstream of IGF-1 signaling pathway since ICMG-7 was not effective on IGF-1-induced MEF cell migration (Fig.  3D) . In summary, use of garlic as food or dietary supplement for the chemoprevention or treatment of cancer has been shown remarkably effective. In this study, we have demonstrated novel anti-metastatic compound in hexane extract in dried garlic and successfully isolated as inhibitor of cancer metastasis from garlic (ICMG-27). ICMG-27 inhibited virtually all the tested cancer cells by modulating target protein(s) which are not activated by IGF-1 signaling pathway. Further characterization of ICMG-27 will provide alternative therapeutics for cancer metastasis.
